Introduction
As a diagnostic modality, magnetic resonance imaging (MRI) affords unsurpassed tissue contrast without exposing patients to the harmful effects of ionising radiation. 1 In the 35 years since its first clinical use, MRI has established a pivotal role in central nervous system (CNS) imaging. 2, 3, 4 Furthermore, as a result of ongoing technical advances that have consistently increased spatial resolution, decreased scan times and contributed to the development of new imaging sequences, MRI currently plays a burgeoning role in musculoskeletal, cardiac, hepatobiliary, gastrointestinal, urogenital, gynaecological, fetal, vascular and paediatric imaging. 5, 6, 7, 8, 9, 10 The ever-increasing clinical applications of MRI have resulted in a proliferation of scanners in well-resourced countries. Japan and North American and Western European countries now have between 6 and 41 MRI scanners per million population. Given the high capital and operating costs of MRI systems, this relative plethora of scanners has raised concerns of overuse and fears of unsustainable increases in healthcare expenditure. 11, 12, 13, 14, 15 Whilst the South African private healthcare sector has adequate MRI resources, those in the public sector are limited. In the public healthcare sector of Western Cape Province, where this study was conducted, only three 1.5-Tesla MRI scanners serve approximately 4.4 million people, equating to 0.7 scanners per million population. 16 One of the Western Cape's public-sector MRI scanners is installed at Tygerberg Hospital (TBH), a tertiary-level teaching facility offering a broad range of medical, surgical, paediatric, obstetric, 
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Background: Increasing demand for magnetic resonance imaging (MRI) has resulted in longer waiting times for elective MRI, particularly in resource-limited healthcare environments. However, inappropriate imaging requests may also contribute to prolonged MRI waiting times. At the time of the present study, the waiting time for elective MRI studies at Tygerberg Hospital (TBH), a tertiary-level public-sector healthcare facility in Cape Town (South Africa), was 24 weeks.
Objectives:
To document the nature and clinical appropriateness of scheduled TBH outpatient MRI examinations.
Method: A retrospective analysis of the referral forms of all elective outpatient MRI examinations scheduled at TBH from 01 June to 30 November 2011 was conducted. Patient age, gender, clinical details, provisional diagnosis, examination requested and referring clinician were recorded on a customised data sheet. Two radiologists independently evaluated the appropriateness of each request by comparing the clinical details and the provisional diagnosis provided with the 2012 American College of Radiology (ACR) guidelines for the appropriate use of MRI.
Results: Four hundred and sixty-six patients (median age 42 years; interquartile range 19-55) who had 561 examinations were scheduled in the review period; 70 (15%) were children less than 6 years old. Neurosurgery (n = 164; 35%), orthopaedic (n = 144; 31%), neurology (n = 53; 11%) and paediatric (n = 27; 6%) outpatients accounted for the majority (81%) of referrals; 464 (99.6%) were from specialist clinics. MRIs of the spine (n = 314; 56%), brain (n = 152; 27%) and musculoskeletal system (n = 70, 13%) accounted for more than 95% of the investigations. In 455 cases (98%), the referral was congruent with published ACR guidelines for appropriate MRI utilisation.
Conclusion:
Scheduled outpatient MRI examinations at TBH reflect optimal clinical use of a limited resource. MRI utilisation is largely confined to traditional neuro-imaging. Any initiative to decrease the elective MRI waiting time should focus on service expansion. oncological and psychiatric specialist and subspecialist services. At the time of this study, TBH possessed a 1.5-T Siemens Magnetom Symphony MRI scanner, commissioned in 2002. Elective outpatient MRI scans were scheduled during normal working hours (weekdays 08h00-16h00). The waiting time for elective MRI scans was 24 weeks.
The present study was prompted by an initiative of the Department of Health of the Provincial Government of Western Cape Province to increase access to specialised radiological services, and particularly MRI, in the knowledge that early access to appropriate MRI improves patient outcomes. Furthermore, MRI waiting time represents a key performance indicator for modern radiology departments and healthcare systems. 17, 18, 19 Long MRI waiting times are not the exclusive domain of resource-limited healthcare environments, and have been documented in well-resourced countries, 18, 19, 20, 21 being attributed to ever-increasing clinical indications for MR examinations, a growing clinician dependence on diagnostic imaging, and inappropriate imaging requests. 18 The nature of scans performed has also been shown to affect patient throughput and thus indirectly influence access. Prolonged scanning time is associated with the body region scanned, conducting several examinations on a single patient, use of oral and intravenous contrast agents, and the scanning of young children. 20 Waiting times may be shortened by matching supply with demand. Reduced demand could be achieved by eliminating inappropriate investigations, whilst an increase in supply requires service expansion. 20 The present study was undertaken from the standpoint that inappropriate examinations should be eliminated prior to considering service changes. At the time of the study, all TBH MRI requests were screened and approved by a consultant radiologist. Although departmental protocols were available for the validation of emergency MR scans, no formal guidelines governed the approval of elective scans; this was seen as the prerogative of the duty consultant, based on the clinical merit of each case. No formal quality assurance procedures were in place to assess the appropriateness of elective scan validation.
Coinciding with the commencement of the study, guidelines for the appropriate clinical use of MRI were published by the American College of Radiologists (ACR). 22 Studies of MRI utilisation in well-resourced countries have shown that referral patterns are determined by ease of access to the modality. 23 To the best of our knowledge, there is no comparable data from resourcelimited healthcare environments, where a different disease burden and more stringent resource constraints may affect MRI utilisation. Knowledge of the utilisation of capitalintensive healthcare resources is important at provincial and national government level to facilitate planning for optimal public-sector resource allocation, particularly in resource-restricted environments. It was hypothesised that inadequate vetting of clinical referrals contributed substantially to the long waiting times for elective TBH MRI examinations.
Aim
Methods
A retrospective analysis of the referral forms of all elective outpatient MRI examinations scheduled at TBH from 01 June -30 November 2011 was conducted. Patient age, gender, clinical details, provisional diagnosis, the examination requested and referring clinician were recorded on a customised data sheet. Two radiologists independently evaluated the appropriateness of each MR request by comparing the clinical details and the provisional diagnosis provided on the request form, with the 2012 ACR guidelines for the appropriate use of MRI. 22 Where radiologists differed in their individual assessment of the appropriateness of an imaging request, consensus was reached after discussion.
Ethical considerations
The study was approved by the Health Research Ethics Committee of the Faculty of Medicine and Health Sciences at Stellenbosch University and by TBH Management.
Results

Patient load
Four hundred and sixty-six outpatients (female = 267; 57%) with a median age of 42 years (interquartile range 19-55), had 561 elective examinations scheduled in the review period. Multiple examinations were requested for 72 (16%) patients; 70 (15%) patients were below the age of six years and required sedation or general anaesthesia for a technically optimal study.
Referring departments
The neurosurgery (n = 164; 35%), orthopaedic (n = 144; 31%), neurology (n = 53; 11%) and paediatric (n = 57; 6%) outpatient clinics accounted for the majority (81%) of referrals. With the exception of two cases from general outpatients, referrals (n = 464; 99.6%) were from specialist or subspecialist clinics (Table 1) .
Scheduled examinations
Examinations of the spine (n = 314; 56%), brain (n = 152; 27%) and musculoskeletal system (n = 70, 13%) accounted for more than 95% of investigations (Table 2) .
Clinical indications for referrals Magnetic resonance imaging spine
More than 90% (n = 284) of examinations were referred from the neurosurgery, (153/314; 49%), orthopaedic (108/314; 34%) and neurology (23/314; 7%) outpatient clinics. More than half were for degenerative disease of the spine (161/314; 51%) ( Table 2) .
Magnetic resonance imaging brain
Referrals from neurosurgery (48/152; 32%), neurology (41/152; 27%), paediatrics (28/152; 18%) and endocrinology (18/152; 12%) predominated. Definitive evaluation of an intracranial mass was the most common indication (61/152; 40%), whilst familial syndromes (22/152; 15%) and perinatal insults (20/152; 13%) together accounted for more than a quarter of referrals.
Musculoskeletal magnetic resonance imaging
The majority of referrals were from orthopaedic outpatients (n = 54/65; 83%) and indications included follow-up for joint trauma, congenital abnormalities and soft-tissue tumours ( Table 2) . 
Appropriateness of scheduled examinations
In 11 cases (n = 11/466; 2.4%), the clinical details provided were considered insufficient to justify approval of the MRI request. In all other cases (n = 455; 97.6%), the clinical indication was congruent with published ACR guidelines for appropriate use of the modality.
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Discussion
To our knowledge, the present study is the first of its kind in a tertiary hospital in a resource-restricted environment, and provides important insights into the utilisation of MRI in such a setting.
We have shown only limited use of MRI by clinicians other than neurosurgeons, orthopaedic surgeons and neurologists, suggesting that, in a resource-limited environment, utilisation is confined to the more established clinical indications, and the role of MRI in areas such as oncology, cardiology, urology, hepatobiliary, gastro-enterology, female imaging and fetal medicine is constrained.
The study has also shown that the vast majority (97.6%) of scheduled TBH elective outpatient MRI examinations had sound clinical indications, representing optimal use of a limited resource. A number of recent studies have outlined management options when attempting to align imaging capacity with demand. 19, 21 Given the appropriateness of TBH clinical referrals and the knowledge that MRI utilisation at TBH was confined to a relatively narrow spectrum of 'classical' brain, spine and musculoskeletal studies, it was felt that the only way to address the waiting list was to extend the hours of operation. Of note is that no attempt was made to modify institutional imaging protocols for marginal savings in scan time, since we had shown that TBH used a limited number of standard examinations that had been consistently refined and optimised by both the vendor and international users over more than 30 years of clinical application.
From September 2012, MRI scanning hours were extended by nine hours per week (Tuesday -Thursday, 16h00 -19h00). This intervention stabilised the waiting time but did not reduce it (Figure 1 ). Unforeseen barriers to successful utilisation of the additional scanning hours were transport problems amongst patients in getting to and from TBH in the early evening, and patient concerns for personal safety when travelling home.
From February 2013, TBH hospital management sanctioned a further 13 scanning hours per week, from 08h00 -16h00 on Saturdays and 08h00 -13h00 on Sundays. This resulted in an immediate and striking decrease in waiting time, from 125 working days in January 2013 to 59 days in May 2013 and 31 days in August 2013 (Figure 1 ).
The additional scanning hours were implemented at an estimated annual operating cost of R371 000 (about R7500/ weekend) for additional radiographic and nursing services. This represents approximately 2.5% of the current capital outlay for an MRI machine and approximates the 'cost-to-company' of one fulltime entry-level public-sector radiographer.
Conclusion
Some important considerations relating to the provision of capital-intensive imaging services in a resourcelimited healthcare environment have been highlighted. These include the imperative to constantly evaluate the appropriateness of clinical utilisation of a scarce resource, the ongoing challenge of matching clinical need with system capacity, the importance of collaboration between hospital management and the radiology department in addressing service pressures, and the potential for minor, affordable service changes to yield major clinical benefits.
Our experience suggests that the artificial barrier separating 'normal hours' and 'after hours' imaging services should be annulled in a resource-constrained environment, and that capital-intensive equipment should be fully utilised, seven days a week. 1 We have demonstrated the substantial service benefits resulting from a small additional investment in key personnel. We recommend that all capital-intensive equipment be commissioned with budgetary provision for the personnel required to run an optimal service seven days a week. 
